er screens were picked from 60 entire disaggregated 0.3-to 3.0-kg samples or, where bryozoans were extraordinarily abundant, from subsamples; fragments were sorted on the basis of clade, and total mass for each clade was determined directly or calculated on the basis of subsamples. Species that produce colony fragments typically smaller than 0.5 mm have not been included in most previous studies of bryozoan species diversity [summarized in (13) ]. We have excluded such small size fragments from our calculations of relative skeletal mass as well; these fractions are subject to winnowing in many recent bryozoan habitats and are rarely derived from the ecologically dominant taxa. Nonetheless, small colonies of cyclostomes and cheilostomes may be numerous in some environments (E. Håkansson, personal communication). Our data were supplemented by data in O. Berthelsen, Danmarks Geol. Unders. 83, 1 (1962) and A. H. Cheetham, Smithsonian Contrib. Paleobiol. 6, 1 (1971) . Some variation in the data inevitably results from variable amounts of cement or of matrix or shell fragments. Cyclostomes tend to have thinner walls than do cheilostomes, and raw cheilostome mass was weighted by 1.26 on the basis of a thin-section determination of the ratio of skeleton to cement plus adherent material in control samples [33 cheilostomes (X ϭ 0.62, SD ϭ 0.147) and 35 cyclostomes (X ϭ 0.51, SD ϭ 0.151) from four representative collections]. Additional "noise" in the data may be due to different taphonomic responses of cyclostome and cheilostome bryozoans in different environments. However, dissolution and abrasion rates of mineralized bryozoans are dependent upon diverse factors that cut across clade assignment [A. M. Smith, C. S. Nelson The manifold ways in which the water molecules may link through hydrogen bonding give rise to a remarkably rich phase diagram (1) (2) (3) (4) (5) . Enhancing this complexity is the existence of both proton-ordered and -disordered forms as well as metastable crystalline and amorphous phases (3, 6 ) . Though evidence for additional phases in the system has been obtained in the past [for example, (7)], information about them has been very sparse, if not controversial, because previous studies have relied principally on quench techniques or limited in situ probes (7) (8) (9) (10) unusual crystalline morphology and shows evidence of significant proton disorder. Five liquidus phases of ice have been documented to 2 GPa; four are stable phases (ices Ih, III, V, and VI) and one is metastable (ice IV) (11) . The pressure-temperature (P-T) melting relations of these phases are shown in Fig. 1 . These phases, including both stable and metastable variants, are evident by their distinct melting curves (7, 8, 10) . Ice IV was inferred by Bridgman (2), and was subsequently confirmed to be a metastable phase that formed in the stability fields of ice V (8) and ice VI (12) . Evidence of metastable phases was also reported in the vicinity of the ice V stability field (7). Kamb (13) predicted the structures of additional phases on the basis of the symmetries of the known phases. Recently, a metastable phase was reported below 0.6 GPa (14) and two phases were suggested at higher pressures (to ϳ1.2 GPa) (15), indicating that much remains to be learned about H 2 O in this P-T region.
We used a hydrothermal-type diamondanvil cell (16) to study the phase diagram and physical properties of ices in the complex region of the phase diagram below 2 GPa. For preparation of a sample, a drop of distilled deionized H 2 O is loaded in the sample chamber of the cell (a hole of ϳ500 m in diameter in a 125-m-thick Re gasket sandwiched between two diamond anvil faces). After the sample chamber is sealed, the total mass of H 2 O remains constant, and the density of the water can therefore be adjusted by compressing the diamond anvils and changing the volume of the sample chamber. Once the volume of the sample chamber is fixed, the sample remains under isochoric conditions; thermal expansion of various parts of the cell, within the small temperature range of this study, has a negligible effect on the sample volume.
Typically, the water sample froze at about Ϫ40°C (and ϳ600 to 800 MPa), and wellformed crystals (Fig. 2) could be grown by slow cooling right before the individual ice grains melted (17) . Under isochoric conditions with bulk sample densities between 1203 and 1257 kg/m 3 , up to three different forms of ice were observed to melt: ice V, ice VI, and an ice that could not be ascribed to a known phase. We suggest that this marks a new solid phase of H 2 O (Table 1) . We occasionally observed ice IV (12) . For each measured melting temperature T m of ices V and VI, we calculated the corresponding pressure and water density from available data (18, 19) . The pressure at the melting temperature of the new phase was then calculated [with the equation of state of water (19) ] from the The heavy lines are melting curves for ice IV (12) and the new phase (this study). The melting of ice VII occurs at much higher P-T conditions. The maximum estimated uncertainties in the calculated pressures at the T m of ice V and VI were less than Ϯ3%. 
- (1000) * Under the isochoric condition of the experiment, these densities were calculated from the melting P-T conditions of either ice V or ice VI by using the equation of state of water (19) . † Calculated from T m and density by using the equation of state of water (19) . Numbers in parentheses are estimated values and were not used in regression for the melting curve; their P-T conditions exceed the extrapolation range of (19) .
‡ Calculated from T m with the equations given in (18). density obtained for the isochoric melting of ice V or ice VI (20) .
Different polymorphs of ice can be identified by their distinct crystal morphologies, growth patterns (Fig. 2) , and melting curves (Fig. 3) . The P-T melting relations for the new phase can be represented by the equation P (MPa) ϭ 665.1 (Ϯ9.1) ϩ 12.73 (Ϯ1.15)T ϩ 0.184 (Ϯ0.039)T 2 , over the temperature interval 0 Ͻ T Ͻ 30°C (a least squares fit to the data listed in Table 1 ). The new phase has poor crystallinity in our experiments; the crystals are birefringent (21). The growth patterns and melting P-T relations of the new phase indicate that this phase is definitely not ices Ih, III, IV, V, and VI.
To characterize further the new solid phase of H 2 O, we obtained low-and highfrequency Raman spectra of the low-temperature phases of ice, including measurements as a function of temperature (Fig. 4) . Taken together, these spectra provide fingerprints for each of the phases and confirm identification by crystal morphology. The new phase exhibits bands in the lower frequency region at 192 cm Ϫ1 and 490 cm Ϫ1 (for example, at the reference temperature of Ϫ30°C); these are assigned to translational and rotational (librational) excitations. In the higher frequency (O-H stretching) region, a sharper feature at 3215 cm Ϫ1 and shoulder at 3410 cm Ϫ1 were observed. The structure in this spectral region is distinct from that of the other ice phases. The lack of sharp structure in the low-frequency translational and rotational excitations indicates that protons (or molecular orientations) are disordered in this new ice, as found for ices Ih, V, and VII. The spectra show that the new phase is distinct from both low and high density amorphous ice (6, 22) . The low-and high-frequency bands are similar to those measured for ice VI (and ice III), but the additional structure at lower frequency (bands at 145 and 157 cm Ϫ1 in ice VI) is absent (23). The presence of such modes is a strong indicator of partial proton order.
We propose that the new ice phase described here is a disordered phase having a density similar to that of ice VI (24). The possible structural link between the new phase and ice VI is indicated by the observation that ice VI crystallized during rapid isochoric cooling of the water sample immediately after melting of the new phase. Although the morphology suggests an amorphous phase, the Raman spectra and birefringence indicate the presence of longrange order and structural anisotropy. The locking-in of states of order and disorder to produce new metastable phases may be a general feature of ices in this complex region of the phase diagram. Unusual shifts observed in the melting curves of ices III and V have also been interpreted as arising from the formation of various degrees of proton order and disorder (25). The new phase may also be related to ice VI in the way that disordered ice VII is related to ordered ice VIII. A better analogy may be to ices VII and VIIЈ formed by pressure-induced crystallization of highdensity amorphous ice (6) . Theoretical study of these states of order and disorder should lead to improved understanding of water and hydrogen bonding in chemical, geological, and biological systems. Table 1 . Also shown are four isochores (labeled by density) of water. The melting curves for ice V and ice VI are from (18) . The melting curve for the new ice phase is described by the equation given in the text. Fig. 4 . Raman spectra of the new ice phase compared with ices I, II, III, V, VI, and water measured in situ in the diamond cell. Ice I is proton disordered; ice II is proton ordered; ice III is partially proton disordered but has a proton-ordered form (ice IX); ice V is partially proton disordered. We suggest that ice VI is partially ordered as well. The spectrum of supercooled water is in good agreement with previous work [for example (27) ]. Weak peaks Ͻ100 cm -1 in that spectrum arise from spurious scattering. The tick marks denote characteristic Raman peaks discussed in the text: bands at 192, 490, 3215, and 3410 cm -1 for the new phase; 145 and 157 cm -1 for ice VI; and 95 and 190 cm -1 for ice III. Intensity is given in arbitrary units. Detailed analysis of the spectra of the additional phases will be presented elsewhere.
water density calculated from T m of ice VI is 1212 kg/m 3 , which yielded a pressure of 775 MPa at T m ϭ 8.1°C; a pressure of 779 MPa was obtained when we assumed that the bulk water density was 1213 kg/m 3 (on the basis of the melting point of ice V ). The two calculated pressures for the melting of the new phase at 8.1°C agree. Similar results were also obtained for other melting temperatures (Fig. 3) even under more extreme P-T conditions where uncertainties are involved in extrapolating both the melting curve of ice V (18) 5323 (1987) . These amorphous forms are reportedly stable only at lower temperatures. 23. The lowest frequency band sharpened somewhat with decreasing temperature, but no new peaks appeared. This observation, together with weak frequency shifts, indicates that the phase did not become significantly more ordered with cooling. The 192 cm Ϫ1 band and the structure of spectrum in the O-H stretching region are also similar to that measured for ice III; however, the latter also has a characteristic band at 95 cm Ϫ1 , which was not observed for the new phase. 24. Kamb (13) proposed that pressure-quenched ice VI is partially ordered with space group Pmmn. In its stability field, the phase is proton-disordered (space group P4 2 /nmc) and a fully ordered form (space group Pn) was also predicted (13 Pollen records of deglacial sequences from northwest Nelson, New Zealand, demonstrate that there was no significant temperature decline associated with the Younger Dryas in New Zealand. Records of glacial advances at this time were either the product of increased snow accumulation under enhanced precipitation regimes or random variation rather than the result of a regional thermal decline. This finding supports those models of Younger Dryas initiation that require neither enhanced westerly circulation nor significant thermal decline in the Southern Hemisphere.
The Younger Dryas (YD) was a brief but intense climatic deterioration that occurred 11,000 to 10,000 radiocarbon years before the present (B.P.), during the termination of the last glaciation. The New Zealand record of YD is crucial to understanding the phenomenon on a global scale, as only New Zealand and Chile and Argentina possess mid-latitude glaciers in the Southern Hemisphere that are likely to be sensitive to atmospheric cooling, and the South American record has proved inconclusive and contradictory (1-3). In New Zealand, a significant advance of the Franz Josef Glacier in Westland has been dated to YD times (4). Although the dating (5, 6) and the interpretation that the advance relates to thermal decline (7) are controversial, the record has been widely cited (8) (9) (10) as evidence of the interhemispheric influence of the event.
Supporting evidence of cooling in the New Zealand region during the YD has been elusive. Some other glacial advances in the Southern Alps may be coeval, but adequate dating control is lacking; where dated sequences of deglacial ages do occur, there is no concentration of ages in the YD Chron (11, 12) . The other primary source of climate data from New Zealand are pollen studies, but these have consistently shown a pattern of ongoing afforestation from 14,000 to 10,000 radiocarbon years B.P. This is interpreted as a stepwise warming with no trend reversals (13) ; however, only a few sites covered the YD Chron in detail, and there were no sites near the glaciers. We present a pollen record, from a climatically sensitive site, that covers the YD.
The Cobb Valley in northwest Nelson lies about 300 km north of the Franz Josef Glacier (Fig. 1) , close to the west coast of the South Island. It has the same regional climate as Westland. The mountains of northwest Nelson were less extensively glaciated than the main ranges of the Southern Alps, because they are at lower elevations, but small piedmont caps and widespread valley glaciation occurred. Terminal and lateral moraines, roche moutonée fields, and other evidence of valley glaciation are present in the Cobb Valley and on a plateau north of the valley. Associated with the terminal moraine complexes are a series of kettle holes formed by the melting out of large blocks of stagnant ice. These kettles have subsequently infilled with lake sediments and peats. The oldest of these kettles started filling soon after the Last Glacial Maximum (LGM; ϳ18,000 radiocarbon years B.P.), and it is almost certain that a valley glacier still occupied the lower Cobb Valley during the deglaciation.
We obtained three pollen records (Fig. 2 ) from different kettle holes that extend back beyond the YD. All three records show consistent trends. At full glacial times, the residual vegetation in the Cobb consisted of grasses, daisies, other herbs, and low shrubs ( Fig. 2A) . Rapid revegetation occurred 13,000 radiocarbon years B.P. [(12) and Fig. 2C ], and the herbaceous flora was replaced by a low shrubland dominated by Phyllocladus (a dwarf podocarp). Soon thereafter another montane podocarp, Halocarpus, and a Nothofagus (southern beech)-represented by fuscasporites-type pollen, probably mountain beech (N. solandri var cliffortiodes)-expanded. At all sites, the dominant vegetation associations until after 10,000 radiocarbon years B.P. comprised mixes of these taxa. Halocarpus and N. solandri gradu- 
